INTRODUCTION
Habitat structural complexity is composed of environmental and spatial factors which act as filters for migration and niche colonization processes (Poff 1997) . For a long time, ecological researchers have relied on theories to discuss how composition and species richness may be influenced by such effects and its consequent restrictions (Case and Gilpin 1974 , Chesson and Warner 1981 , Pontin 1982 , Ricklefs 1987 . Niche and neutral theory approaches have been involved in such debates. The Unified Neutral Theory of Biodiversity and Biogeography (NTBB) is built from the perspective that assemblies are formed through dispersal and species extinction processes. Therefore, diversity would be maintained only by ecological stochasticity, in local and regional scales (Hubbell 2001) .
According to the neutral theory, all species have ecological equivalents and the main structuring agent of faunal similarity in an ecological time scale, would be dispersal measured by geographic distance between the communities (Chave 2004). The most obvious consequence is that closer sites would share more species (Hubbell 2001, Scarano and Dias 2004) .
Niche theory, on the other hand, argues that the main factors affecting species distribution are environmental characteristics, once each species would have a set of biotic and abiotic conditions setting the limits in which species can persist (Case and Gilpin 1974) . Sites with similar environmental characteristics would have an identical composition. Ecological communities are assemblages of species with a limited number of members coexisting in equilibrium, undergoing strict partitioning of niche and limiting resources. Thus, an increase in habitat structural complexity (environmental heterogeneity) and in the partitioning of different niches and micro-climates, can lead to balance through species coexistence (speciation or specialization), minimizing the effects of competitive exclusion (Taniguchi and Tokeshi 2004 , Thomaz et al. 2008 , Jankowski et al. 2009 ).
Environmental and spatial effects on the distribution of organisms depend on species sensitivity to environmental heterogeneity and dispersal ability. The Odonata suborders Anisoptera and Zygoptera have disparate morphological and ecophysiological characteristics. The Anisoptera are usually larger and have greater dispersal ability, while the Zygoptera are overall smaller and have more limited dispersal (Corbet 1999) . Still, such attributes may have interspecific variations (Heckman 2006 , Córdoba-Aguilar 2008 . According to Heiser and Schmitt (2010) this difference in dispersal ability is related to the dependence on temperature, climate and the environment. The temperature, climate and the environment are the main regulators of dispersal.
Zygoptera would be more affected by environmental characteristics and space than Anisoptera, for being more habitat dependent (Corbet 1999) and having less dispersal ability. Such effects are not as significant for Anisoptera, which have greater dispersal ability. Space would not be a barrier for these organisms, and sites with environmental conditions different from what would be supported by its niche breadth, would act as environmental filters. This study aimed to evaluate to what extent community structure and Odonata larvae distribution are influenced by distance between the sites (Neutral theory) and environmental variables (Niche theory). We tested the following hypotheses: (1) the environment is the main factor structuring the community due to the sensibility and ecological demands of the Odonata order and its infraorder;
(2) space has little structuring effects on the community, once sites of the Suiá-Missú River Basin area are connected. However, all clade elements are not expected to uniformly respond to these effects (Hayes and Sewlal 2004) due to the existence of differences in dispersal ability and in ecophysiological requirements among species of the studied suborders. If environmental and geographic distances are in fact responsible for structuring the Odonata community, we expect the effects to be clearer for the suborder Zygoptera.
MATERIALS AND METHODS
The Odonata larvae were sampled on 12 sites along the Suiá-Missú River Basin, in eastern Mato Grosso, at the towns of Querência, Ribeirão Cascalheira and Canarana. Distance between sites ranged from 130.69 km (closest sites) to 445.45 km (most distant sites). Sites were located from latitudes 11°49' to 13°15'S and meridians 51°53' to 52°21'W. The region has a tropical climate, subtype Savannah (Aw) with micro-regions of Monsoons (Am) and Tropical Rainy (A) subtypes, according to the Köppen classification. The dry season occurs SPACE OR ENVIRONMENT STRUCTURING ASSEMBLIES from May to October, and the rainy season from November to April. Average precipitation is 1,370 mm and temperature varied from 32.7 °C to 17.0 °C (Ratter et al. 1978) .
The samples were collected in the River Basin Suiá-miçú in three seasons: dry season (September/2007), beginning of the rainy season (December/2007) and draw down period (May/2008), with the purpose of sampling a greater environmental variation. The following water bodies were sampled: Sucuri Stream, Brejão Stream, Darro River, Suiazinho River, Suiá-Missú River (sites 1, 2 and 3), Piabanha River, Lúcio Stream, Betis River (Forest), Betis River (dam), and Brejo Transition Stream.
The Odonata larvae were sampled on the marginal substrates (roots, leaves, small stones, gravel, sand etc.), with a hand sieve of 18 cm diameter and mesh opening of 250μm, in 100 meter transects. Transects were delimited on the right bank of the water bodies, which were subdivided into 20 segments measuring 5 meter each (modified from Ferreira-Peruquetti and De Marco Jr 2002) . The substrate present on the river banks (roots, leaves, small stones, gravel, sand etc.) was sampled in each segment and the specimens were separated and fixed in 85% ethanol.
The samples were identified using the identification keys of Needham et al. (2000) , Heckman (2006) and Costa et al. (2004) , and stored at the "James Alexander Ratter" Zoobotanical collection at the State University of Mato Grosso (Universidade Estadual do Mato Grosso-UNEMAT), campus Nova Xavantina (CZNX).
Analyses were carried out first with the Odonata data. It was later carried out separately for each of the two suborders, comprising all three sampling campaigns. Separated, in order to evaluate the spatial and environmental effects in each sampling procedure. The abundance data underwent a logarithmic transformation [log 10 (x+1)] to minimize the effects of outliers.
A Partial Redundancy Analysis (RDAp) (Legendre and Legendre 1998) was used to evaluate the hypothesis that environmental variables would be more important in structuring the Odonata larvae than spatial variables. The response variables used were density and occurrence matrices (presence/absence) and the explanatory variables were the sets of standardized environmental variables (Environment). The matrix of spatial filters was created with the analysis of Principal Coordinates of Neighbor Matrices (PCNM) (Borcard and Legendre 2002 , Borcard et al. 2004 , Diniz-Filho and Bini 2005 , Griffith and Peres-Neto, 2006 , used to create a matrix of linear distance between the sampling sites. The eigenvectors with coefficients greater than 0.1 R Moran were included in the spatial predictor matrix. This analysis was performed using the Spatial Analysis in Macroecology v. 4.0 software (SAM, Rangel et al. 2010) . The RDAp has four explanation fractions: [a] "X/E", variation attributed solely to the environmental variables; [b] "E/X", variation attributed solely to the spatial variables; [c] "X+E", the variation explained by space and environment (variability in community structure explained by spatially structured environmental variation); [d] residual variation (variation not explained by the previous fractions). Test significance was assessed through a permutation test with 999 randomizations ). All tests were carried out in the Software R, using the package VEGAN, and function Varpart (R Software, www.r-project.org) (R Development Core Team 2010).
RESULTS
A total of 1,384 Odonata individuals were sampled. The suborder Anisoptera was the most abundant with 1,127 individuals, comprising four families (Aeshnidae, n=3; Cordullidae, n=23; Gomphidae, n=363; and Libellulidae, n=738), 41 genera and 80 species and/or morphospecies (msp). A total of 257 individuals of the suborder Zygoptera were sampled, comprising six families (Calopterygidae, THIAGO P. MENDES, HELENA S. R. CABETTE AND LEANDRO JUEN n=12; Dicteriadidae, n=2; Megapodagrionidae, n=15; Polythoridae, n=2; and Coenagrionidae/ Protoneuridae, n=226), 16 genera and 20 msp, amounting 100 msp for the Suiá-Missú River Basin.
The scores of the PCNM derived matrix of geographical coordinates were used to represent the spatial variables in the statistical analysis. According to the described criteria, four spatial filters were selected. Thus, the RDAp results, regarding all campaigns indicated that only the environment (X/E) had significant effect on Odonata (R 2 = 0.190; p= 0.001) and Zygoptera (R 2 =0.291; p=0.007) (Table I) . It did not affect Anisoptera. The spatial predictors (E/X) did not have significant effects on any of the analyzed taxonomic resolutions (Odonata or Zygoptera and Anisoptera). Only environmental predictors affected the order level (R 2 = 0.263; p= 0.041) and the Zygoptera community (R 2 = 0.417; p= 0.014) (Table II) during the rainy season (E-C). During the dry season (E-S), the environment had significant effects only on the Zygoptera suborder (R 2 =0.379; p=0.039). There was no significant effect of any of the predicting variables on the draw down period (Table II) .
Sites
Acronyms Geographic Significance level (p<0.05).
The main results obtained in the variance partitioning analyses indicated that environmental predictors are more important in explaining the variation present in the Odonata community, than spatial predictors. This effect is clearer during the rainy season. However, this result was only for the order level and for the suborder Zygoptera, once none of the tests indicated a significant relationship for Anisoptera.
DISCUSSION
The Odonata order has many variations in habitats according to its biological requirements. An example of habitats variation is the thermoregulatory process that varies according to body size of the specimen and would be directly related to habitat selection (May 1976) . Chovanec and Waringer (2001) assert the importance of Odonata as bioindicators at different spatial scales, mainly due to their close SPACE OR ENVIRONMENT STRUCTURING ASSEMBLIES dependence on local environmental conditions in habitat selection. Odonata larvae distribution was affected by the environment, and this pattern is related mainly to the suborder Zygoptera. Species from this suborder were more sensitive to impacts and have lower dispersal abilities, when compared to Anisoptera. Furthermore, the Zygoptera have habitat specific ecological and behavioral requirements, which may limit their spatial distribution (May 1976 , Corbet 1999 , De Marco and Vianna 2005 , Juen and De Marco 2012 . In general, adult Zygoptera individuals may be thermal conformers and/or heliothermic. Larger individuals (e.g., Hetaerina) are generally heliothermic, and consequently, totally dependent on solar irradiation. Thermal conformers (e.g., Epipleoneura, Oxyagrion and Telebasis, Zygoptera) have high thermal conductance associated to body size. Body temperature will vary according to the environment due to heat transfer (Heinrich and Casey 1978 , May 1991 , Heinrich 1993 . A close relation is expected between thermal conformers and the environment, once organisms with such characteristics need specific conditions for survival. This will directly influence larvae distribution and occurrence. Another determining factor in larvae distribution is the choice of oviposition sites. It seems to be visually determined by adults (Assis et al. 2004) , and after egg hatching the larvae search for the preferred substrate (Conrad et al. 2002) .
Many of the Zygoptera species present were restricted, supporting the statement that individuals from this order are regulated by specific environments within the basin (e.g. Heteragrion sp.1, Chalcopteryx sp.1, Heliocharis sp.1 and Acanthagrion sp.1, on CRL, RID and CRBJ, all conserved sites). Thus, these species are potential environmental quality indicators and require greater attention, as they may disappear if these environments change. The Zygoptera have lower dispersal ability and are thus restricted to specific habitats (Corbet 1999 Significance level (p<0.05).
TABLE II Results of the community structure and distribution variation partitioning (RDA). The letter V represents the variables. The ratio X/E corresponds solely to the environmental effect, E/X dolely to the spatial effect, X+E the interaction effects, and [D] the residuals (E-S = dry season; E-C = rainy season; E-V = draw down period).
hypothesis that individuals from this suborder respond to environmental requirements. Moreover, most Anisoptera specimens are considered endothermic, and endogenous heat is produced (Corbet 1962 , May 1976 The lack of response to environmental and spatial factors and the higher Anisoptera species richness may have been influenced by two factors. First, the presence of open areas enables female foraging, once larger bodied insects tend to spend less energy per biomass unit in its maintenance (Peters 1987 , Hallgrímsson 2000 . Therefore, the Anisoptera are more efficient in extracting energy from low quality resources so that a given amount of energy available in the environment can support a higher biomass of larger species than smaller ones. Thus, these individuals would have broader niches and lower environmental specificity (Corbet 1999) . Second, presence of spaces modified by the removal of original forest and landscape replacement with pastures and monocultures makes the environment unsuitable for Zygoptera, but not for Anisoptera, given its high adaptability and dispersal ability (May 1976 , De Marco and Latini 1998 , Corbet 1999 . This confirms our hypotheses that this suborder would not be influenced by geographical and environmental distance.
The abundance of certain species is strongly associated with the success of larval development, with the smaller energy use of adults in choosing and defending territory, and with habitat arrangement (Harvey and Corbet 1985 , Thompson 1987 , Moore 1987 . Thus, these factors may predict the abundance of individuals (De Vianna 2005, Juen et al. 2007) .
The lack of association between environmental variation and Zygoptera during the draw down period may be related to habitat destruction due to water level variations (width and depth) between seasons (dry and rainy seasons), as indicated by Diniz-Filho et al. (1998) . Such patterns may also have been caused because some environmental variables have a multicollinearity relationship. Such relationship hinders the evaluation of environmental effects on the community, as observed by Juen and De Marco Jr (2011) regarding depth and width of water bodies.
Relationships between environmental variations and Zygoptera larvae, and not Anisoptera larvae, were observed. The draw down period was an exception for not showing significant results for any of the biological groups (Odonata, Zygoptera or Anisoptera). Thus, our hypothesis that the environment regulates the composition of Zygoptera and not Anisoptera is sustained.
Some species undergo certain speciation that enable them to be more competitive within their ecological niches (Pontin 1982) . Thus, although the Anisoptera are generalists, some species were restricted to some environments (e.g. Agriogomphus sp.1 and Brachymesia sp.1 in a small impacted stream; Dasythemis sp.2 in a highly degraded site). We believe that the effect of the environment on the Odonata community structure may be mostly due its effect on Zygoptera and on smaller sized Anisoptera species (e.g. Perithemis, Micrathyria 245 SPACE OR ENVIRONMENT STRUCTURING ASSEMBLIES and Diastatops), although the determining effect was not strong enough to show significant effects on the Anisoptera suborder. However, Dolný et al. (2012) showed the dependence of Zygoptera on habitat structure and its association to ecosystem characteristics making them specialist organisms and excellent habitat bioindicators. Thus, for some species, the niche conservatism and lack of ability of adapting to environmental changes are the key factors in explaining the loss of genetic variability and the residence of species in the environment (Wiens 2004, Wiens and Graham 2005) . These environmental requirements are some of the characteristics that make Odonata sensitive to changes in the environment and thus widely used bioindicators (Dolný et al. 2012) . Therefore, we believe that for Zygoptera, dispersal rates followed by colonization events would modify both species abundance (patch -dynamic model) as well as interaction among species (Pulliam 1988 and Leibold et al. 2004) .
The distances between the sites sampled in the Suiá-Missú River Basin were not enough to create barriers or obstacles in species distribution. Streams are dendritic systems with imposed restrictions regarding the direction of dispersion by the surrounding terrestrial environment (Fagan 2002). Thus, a population of stream segment is partially isolated from populations of other streams from the river basin. As a consequence of this restriction in the migration direction, population dynamics may be relatively independent. In a stream, a species dynamics may have an increasing trend, while having a decreasing trend (possibly reaching extinction) for other species. We believe that in dendritic systems, ecological processes occur within the individual branches, and the nodes become transfer sites where branch dynamics may be altered when continuing along the network (Campbell et al. 2007) , allowing Odonata to disperse throughout the river basin. Thus, this variable did not have a structuring effect on Odonata (and its suborders) composition. Another factor, discussed by McCauley et al. (2008) , is that in lentic systems niche and dispersal are factors that affect Odonata larvae spatial distribution processes and species richness.
The connectivity in a river basin may represent access routes to different tributaries, allowing, or functioning, as ecological corridors. Therefore, we assume that the neutral model was not sufficient to represent the processes of Odonata larvae distribution between local sites on a regional scale, or its inter and intraspecific patterns. This result may indicate that for aquatic environments a geographical distance is not quite significant. Thus, as shown by Landeiro et al. (2011) , we believe that watercourse distance may be a better predictor within a spatial scale. The distance between sites did not predict the distribution of the Odonada suborders, even for Zygoptera which have lower dispersal ability and greater ecophysiological requirements (Conrad et al. 1999 , Corbet 1999 , Needhan et al. 2000 and Conrad et al. 2002 . Similar results were found by Juen and De Marco (2011) , who reported a lack of influence of spatial scales in Odonata betadiversity. However, the suborder Zygoptera was influenced by the environmental variables. Still, despite Hubbell (2001) proposing that all species have the same competitive ability, dispersal ability and ecosystem adaptation skills, this theory did not support Odonata larvae distribution dynamics in this study.
The environment proved to be the main force structuring the Zygoptera community due to its sensibility and ecological requirements. This community is more influenced by the environment. The Anisoptera suborder was not correlated with any variable, supporting our hypothesis that organisms with higher sensitivity and specificities would be more dependent on the environmental gradient (Niche theory). However, we cannot state that all the Anisoptera suborder consists of generalist individuals. Specific studies may demonstrate that the results could be influenced by the larger number of generalist species. THIAGO P. MENDES, HELENA S. R. CABETTE AND LEANDRO JUEN It is important to distinguish which factors are more important in structuring a community. That is, if environmental conditions, physical conditions, or solely resource availability will predict species occurrence (Townsend et al. 1987) , once all three may be vital for the survival of some species. A more detailed analysis by partitioning the Anisoptera occurrence among conserved and disturbed areas may indicate strategies for environmental evaluation.
The landscape diversity may be determined by the dispersal and ecophysiological ability of individuals to occupy and coexist in different spatial and temporal scales (Hanski and Gilpin 1991, Urban 2004) . The implementation of conservation strategies in a river network structure proves to be an effective model for characterizing spatial biodiversity attributes (Muneepeerakul et al. 2008) . Site heterogeneity may explain the difference in the structure of the Odonata larvae community based on their interactions and connectivity among water bodies, making it an important control on the dynamics of a metacommunity at the landscape scale. Therefore, we discard the spatial scale (distance between sites) as a limiting factor in Odonata assemblage structure which proved to be mediated by individual adaptations to biotic and abiotic interactions (Urban 2004). In this context, metacommunity may be resistant to disturbance, since heterogeneity and environmental connectivity between patches is maintained (Urban 2004).
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RESUMO
Características ambientais e distâncias espaciais entre os locais foram utilizadas para explicar a distribuição das espécies no ambiente, através das predições da teoria Neutra (espaço) e teoria do Nicho (ambiente). Foram avaliados os efeitos de fatores geográficos e ambientais sobre a distribuição de larvas de Odonata ao longo da Bacia do Rio Suiá-Missu, no estado de Mato Grosso.
Nós testamos a hipótese de que (1) Palavras-chave: Anisoptera, Zygoptera, teoria neutra, teoria do nicho, Transição Cerrado -Amazônia.
